Objective: To develop a motor screening assessment and provide preliminary evidence of its psychometric properties. Methods: A sample of 365 elementary school students was assessed, with structural equation modeling applied to obtain evidence of the adequacy of the factor structure of the motor screening assessment. As well, differential item functioning was used to evaluate whether various identifiable subgroups of children (i.e., sex and grade) perform particular tasks differently. Results: Overall, girls obtained higher scores than boys while, for both sexes, the assessment scores increased with age. Furthermore, differential item function analysis revealed that the precision of the test was highest for those with moderate to low motor performance, suggesting that this tool would be appropriate for identifying individuals with movement difficulties. Conclusion: Although further tests of its psychometric properties are required, the motor screening assessment appears to be a reliable, valid, and quickly-administered tool for screening children's movements.
assessments comprise a different number of tasks, and assess slightly different skills, such as fine motor skills, manual dexterity, and/or gross motor skills (e.g., object control, ball skills, and static/dynamic balance, respectively).
The internal validity of each of these scales has been supported by confirmatory factor analysis. However, although the MABC-2, BOT-2 ( full and short form), Test of Gross Motor Development-2, and Peabody Developmental Motor Scales-2 exhibit good psychometric properties, they have practical limitations, as they require considerable time to administer (between 30 and 45 minutes), are expensive for low-income and middle-income countries, and generally must be administered by occupational therapists, physical therapists, and/or physical education teachers who have formal training in motor development. Moreover, some tasks that are relevant to in-home and school activities are not directly measured by these assessments (i.e., fastening buttons and tying shoes).
Furthermore, although parent-and teacher-reported checklists such as the Developmental Coordination Disorder Questionnaire '07 9 and the MABC-2 Checklist 5 may be used to identify children with possible motor difficulties and provide insights into the methods by which poor motor performance interferes with common activities at home and at school, questionnaires may be considered subjective measures.
Thus, objective tools are necessary to properly and thoroughly assess movement difficulties in children, as well as both the presence and the severity of any impairment found 10 . Moreover, such a tool would be applicable now more than ever as, in recent years, the investment in early childhood initiatives in low-income and middle-income countries has increased, with a focus on prevention, and improvement of health and developmental trajectories in childhood 11 . Considering the above, to address this gap, the overarching aim of the current study was to develop a highly informative motor screening assessment (MSA) tool for children with a high risk of having a motor disorder, and to provide preliminary evidence of its psychometric properties. The need for such a simple test has been regularly mentioned by professionals from health and education areas due to the lack, in certain countries, of specialized professionals, such as occupational therapists and physiotherapists, in schools, as well as in basic healthcare.
METHODS
This study consisted of two stages: i) the development of the assessment, and ii) the assessment of its psychometric properties.
Development of motor screening assessment
To begin, the items included in the assessment were created based on clinical observations of elementary school students in the school environment, focusing on motor-performance aspects during the execution of tasks in physical education classes, during recreational time, in the classroom, and on the school premises (bathroom, cafeteria).
After conducting a comprehensive review of the literature and holding specialist consultations (with one occupational therapist, five teachers, one speech language pathologist, and one pediatrician), the first version of the MSA was developed, featuring 11 items and designed to assess two domains: manual coordination and body coordination (Table 1) .
For the literature review, two key areas of difficulty that are relevant for motor performance were considered: fine motor skills (manual skills/manipulation skills) 12, 13, 14, 15, 16 , and balance/body control 17, 18, 19, 20 . The items in the MSA focus on skills that are known to be deficient in children with motor-coordination difficulties (e.g., fastening buttons, tying shoes, and dynamic balance) 21, 22, 23 ; however, the tool can also be adapted to assess additional motor skills, which are considered to be relevant and clinically useful functions with respect to the enhanced identification of motor delays or difficulties 10 . Further, regarding the theoretical construct, some of the task domains are similar to other common motor performance assessments that were used as references, such as the MABC-2 5 and the BOT-2
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; however, none of the tasks used to test manual coordination resemble the tasks contained in the BOT-2 and MABC-2.
The MSA items are evaluated using a three-point rating scale, indicating each child's degree of performance in a given task; here, "0" equals "did not perform" (meaning the child did not perform the required test), "1" equals "low performance" (the child performed poorly), and "2" equals "normal performance" (the child performed properly). To limit subjectivity in terms of task scoring, for each task a detailed description is provided for the scorer concerning aspects to observe and consider when scoring the items (Appendix). The MSA was developed to be a standardized procedure, quantitatively assessing the motor skills of children aged between five years and 10 years and 11 months. It was necessary that this new assessment tool be quick (taking less than 15 minutes) and easy to administer and to be applicable to clinical, academic, and research contexts; that is, professionals from health and education areas (teachers, clinicians, and/or researchers), and those who do not have formal training in motor development or the assessment of motor performance, should be able to use this tool to test children in environments such as the home or school, to determine their performance on simple tasks that they may find difficult.
Assessment of the psychometric properties of the MSA

Participants and procedure
This research was approved by the Ethics Committee of Research at the Federal University of São Paulo. At the beginning of the study, the parents of each participant completed and signed an informed consent form.
The sample comprised 365 elementary school students (53.7% males: n = 196) ranging from grades 1-5 ( five years to 10 years 11 months) from one school in the State of São Paulo. The descriptive statistics of the participants are presented in Table 2 .
Using school records and a parental questionnaire, we selected participants with no pre-, peri-, or post-natal difficulties, no delay in terms of neuropsychomotor or language development, no behavioral problems, and no diagnosis of intellectual or physical disability, including pervasive developmental disorder and general medical conditions such as cerebral palsy, muscular dystrophy, and hemiplegia. All participants were assessed individually during school hours; the total testing time for the MSA was, on average, 15 minutes.
As this work was a preliminary study, all of the children were assessed by a single trained occupational therapist who had experience administering motor assessments and who participated in developing the MSA.
Statistical analyses
To investigate the factor structure of the MSA, a cross-validation approach was used. First, exploratory structural equation modeling (ESEM) was performed using data sourced from one side of a random split of the total sample (n = 173). Similar to exploratory factor analysis, all factor loadings and factor correlations were estimated by ESEM; further, similar to a confirmatory factor analysis, ESEM provides parameter estimates, standard errors, goodness-of-fit statistics, and modification indices 24 . Then, after an adequate measurement model was found, confirmatory factor analysis was performed using data from the other side of the random split (n = 192). Since the items were categorically ordered, Mplus 7.0's weighted least squares mean-and variance-adjusted estimator function 25 was used. The following fit indices were used to evaluate the model fit for both the ESEM and confirmatory factor analysis: chi-square, comparative fit index (CFI), Tucker-Lewis Index (TLI), root mean square error of approximation (RMSEA), and weighted root mean square residual (WRMR). For both the CFI and TLI, values greater than 0.90 and 0.95 were considered acceptable and optimal fits to the data, respectively; for the RMSEA, values less than 0.08 and 0.06 were considered reasonable and optimal fits to the data, respectively; and for the WRMR, values near or below 0.90 were considered adequate 26 .
To evaluate the association of background variables with factor and item scores (the invariance of the model) multiple indicators, multiple causes (MIMIC) models were used; this also allowed us to verify whether the covariates had a significant direct effect on the latent variables, which would indicate population heterogeneity. First, the factor scores for sex, grade, and the sex-by-grade interaction were regressed. This allowed us to test whether the factor scores varied as a function of these variables. If this were the case, it would mean that normative scores accounting for age and/or sex would be needed. Second, analyzing the regression of item scores for the background variables enabled the testing of differential item functioning; this also allowed us to verify whether the covariates had a significant direct effect on an indicator (by considering group differences in terms of each indicator's threshold). If the regression coefficients of these variables were found to be significant, this would mean that age and/or sex differences in item scores are not fully explained by differences in factor scores once these were kept constant; thus, the item in question could not be considered equivalent for all sex and/or age categories 27 . Finally, we used a total information curve to verify the precision (i.e., amount of information) provided by each latent trait across the full range of that trait (e.g., from low to high performance). The precision of a given test is not constant across the range of a latent trait, and inspection of the total information curve affords the determining of the range of each latent trait, which results in higher precision regarding the overall motor performance. Moreover, if the total information curve shows that the greatest amount of information relates to children with low latent traits, this would suggest that the MSA is an appropriate and accurate measure for those with poor motor performance and, consequently, may be an appropriate screening tool for identifying individuals at risk of having developmental coordination disorder.
RESULTS
We initially tested a two-factor ESEM model on the first random split of participants, applying the structure presented in Table 1 . However, the results suggested an over-fit (X 2
= 33.95, p = 0.470; CFI = 1.00, TLI = 1.00, RMSEA = 0.00, WRMR = 0.57); moreover, only two items loaded on the second factor (walking heel-to-toe and single-leg balance), while other items had either substantial factor loadings (i.e., larger than 0.30) on both factors, or no substantial factor loadings at all. Then, a one-factor ESEM model was tested, and showed an acceptable fit (X These results suggested that a one-factor measurement model was adequate, despite the initial hypothesis. However, not all items in this model had substantial loading (> 0.30); hence, we removed the items with the lowest loading and then tested the fit of the model again (the three items removed were: closing zippers, bouncing a ball, and drawing an "x"). As a result, the one-factor model with the remaining eight items was found to have an excellent fit (X We then tested the fit of this model using the data from the other side of the random split of participants. Here, we found that the fit was not acceptable (X 2
= 39.22, p = 0.006; CFI = 0.90, TLI = 0.87, RMSEA = 0.07, WRMR = 0.87) and that one item (single-leg balance) had no significant factor loading (0.13, p = 0.155); however, when this item was removed, the fit of the model was found to be optimal (X Figure 1) ; the reliability of the MSA score in the total sample, computed as ordinal alpha 28 , was 0.73. Figure 2 shows the parameter estimates, sourced by applying the MIMIC model and in which the factor score was regressed on background variables, for the MSA with a reduced number of items; the model had an adequate fit (X 2 (32) = 48.73, p = 0.029; CFI = 0.94, TLI = 0.92, RMSEA = 0.04, WRMR = 0.87). Notably, significant effects of sex (girls scoring higher than boys) and grade were found (scores increased as a function of age), while the interaction was not significant, meaning that the model was non-invariant. Table 3 shows the parameter estimates for the MIMIC model used to test differential item functioning; here, the fit of the overall model was found to be excellent (X 2
= 17.90, p = 0.211; CFI = 0.99, TLI = 0.96, RMSEA = 0.03, WRMR = 0.50). For four items ( fastening differently sized buttons and tying knots), even when the MSA score remained constant, we found sex had a significant effect, with girls scoring higher than boys. Furthermore, the grade was found to have significant effects for three items: tying knots, walking heel-to-toe, and running in a straight line. This suggested that scores in these items increased as a function of age, regardless of the score for the latent motor performance factor. No interaction effects were found. Taken together, these results suggested the need for sex-and grade-specific normative scores; thus, Table 4 shows the normative scores for the current sample, which was not representative.
The total information curve ( Figure 3 ) for the latent traits of the seven items showed that the MSA provided more precise estimates (i.e., higher information values) in the lowest-to-middle range of each latent trait (i.e., z-score = -2.5 and -0.5). This meant that the assessment could capture a greater amount of information among participants with poor motor skills. Table 4 . Normative motor screening assessment scores based on the current sample. 
DISCUSSION
The aim of this study was to develop a measure for identifying children between five years and 10 years 11 months who were at risk of having a motor disorder (developmental coordination disorder or neurological soft signs). It was necessary that this measure be reliable, valid, and quick to administer, include broad dimensions relevant to motor performance, and be applicable in a variety of settings. We consequently developed a seven-item tool, and determined it to have factorial validity with a unidimensional structure (global motor skill).
Moreover, MIMIC modeling revealed that, in our sample: (i) consistent with previous literature
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, MSA scores increased with age (i.e., the older the participant, the more likely they were to perform the tasks correctly); and, (ii) girls obtained higher scores than boys, again consistent with previous literature on fine motor skills 29, 30 . Thus, grade-and sex-specific scores could be used as normative scores (provided in Table 4 ); although this preliminary study used data from a robust sample of children with "typical development" (n = 365), it would be wise to consider the group as a representative "normative" sample.
Also, we found evidence of differential item functioning, even when the MSA score remained constant. Specifically, boys performed worse on tasks such as fastening differently-sized buttons, fastening snaps, and tying knots, all activities of daily living that involve fine visual-motor control/manipulation. This result is consistent with those of previous studies showing that girls perform these kinds of skills better 30, 31 . Meanwhile, no differences between sex were found on tasks concerning body coordination/balance skills, and this is also consistent with the literature
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. Further, the difference we found between ages indicates that the skills in question improve with age but, as suggested by Larson et al.
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, in typically-developing children, these motor functions (and the neural systems supporting these functions) reach an "adult" level of maturity by age seven; thus, this finding may also support the assumption that children above seven or eight years old, who cannot perform the proposed tasks, are at risk of having motor disorder.
According to the information curve analysis, even within a sample of typically-developing children, the MSA was capable of identifying children with poor motor performance. These results, therefore, show that the latent traits can provide additional information in this regard, which could indicate that this tool is beneficial for screening for positive cases of movement disorder risk. According to the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders, difficulties in motor performance are considered part of the diagnostic criteria of many developmental disabilities 1 ; thus, this finding is important because, even within a "typically-developing sample, " the MSA can be used to identify those with subtle motor skill difficulties.
The literature shows that children at risk of having motor disorders, such as developmental coordination disorder (deficits in motor performance and (perceptual/motor) psychomotor functions) or neurological soft signs (discrete motor and sensory disorders that cannot be linked to specific cerebral lesions) may present with co-occurrences with other disorders, such as learning disorders 34 and attention deficit/hyperactivity disorders 2, 35 ; thus, identifying motor changes in children with no apparent diagnosis may also point to referral for more detailed and specific evaluations.
Overall, based on its psychometric properties, the MSA can be considered appropriate as an initial screening tool, and it provides a precise estimate of motor skills for those with mild to moderately poor performance. In the context of early identification, especially in the school environment, the MSA may easily be applied by a teacher or paraprofessional to determine if a child should be referred for additional assessment of motor impairments by a specialized professional.
Limitations of the study
The MSA consists of a limited number of items in the bodycoordination domain; therefore, if the goal is to evaluate static and dynamic balance, other instruments should be considered. Moreover, other elements relating to MSA properties should be investigated further; specifically, additional evidence is required regarding inter-rater agreement (here, only one health professional rated all the children) and accuracy studies (e.g., how MSA scores discriminate between children who have been diagnosed with motor performance difficulties and undiagnosed children), which would be fundamental for evaluating the best cutoff for this test. Lastly, as the MSA has been developed in a Brazilian context, the cross-cultural validity of the assessment should be investigated via invariance testing.
In conclusion, despite the aforementioned limitations, the MSA appears to be a reliable, quickly administered, and valid screening tool for identifying and quantifying children at risk of having a motor disorder. Thus, it can be considered a useful tool for settings in which the assessment time is limited (e.g., large-scale assessment programs) and/or when resources for purchasing assessments and training professionals to use these assessments are scarce or limited.
5) Finger-to-thumb tapping: The child must still be sitting in front of the examiner. Always remind the child: You must keep your eyes closed the entire time! ( ) 0 = No function (does not perform the test correctly, opens the eyes constantly during execution) ( ) 1 = Low (just one hand at a time, or skips fingers, or touches two fingers at the same time, or opens eyes when changing hands) ( ) 2 = Normal (performs the test correctly) Run Time: _____ 6) Walk heel-to-toe in a straight line with hands on hips: Make a straight line on the floor with adhesive tape and ask the child to walk on it with heel-to-toe, i.e., the heel of one foot must touch the toes of the other. The child must be advised to put their hands on their hips, to look forward to walk and perform ten (10) steps.
The examiner must demonstrate the task at least once (but no more than three times) for that the child to understands how it is performed. After three demonstrations, if the child is not able to perform the task, score zero.
